Introduction
Tobacco use is a major cause of death from cancer, cardiovascular disease, and pulmonary disease.
More than 80% of chronic obstructive lung disease in the United States is attributable to cigarette smoking. Cigarette smoking also increases the risk of respiratory infection, including pneumonia, and results in greater disability from viral respiratory tract infections. [1] [2] [3] Approximately 92 to 95 percent of the total weight of mainstream smoke is present in the gas phase (nitrogen, oxygen, carbon dioxide).
The remaining gases and particulate matter, including tar, nicotine, acrolein, formaldehyde, and phenol, are the substances of medical importance. 4 The influence of these substances on the composition and biological activity of cigarette smoke is not unknown. The mechanism of injury by cigarette smoking is com plex and appears to include direct injury by oxidant gases 5 , increased elastase activity, and decreased antiprotease activity. 6 Cigarette smoking produces and increases oxidant burden on the lung and smoke is potentially injurious to airspace epithelial cells, since it has been calcula ted to contain 10 17 oxidant molecules/puff, of which 10 14 are oxygen radicals. 7 Cigarette smoking has been shown to result in increased airspace epithelial permeability. 8, 9 It can also suppresses proliferation, attenuates attachment, and augments detachment of the epithelial cells by oxidant-induced injury. 10 These oxygen radicals are short-lived. But cigarette smoke condensate continues to produce oxidants which may result in a more persistent oxidant injury 10 and may contribute to the development of the lung diseases.
Few studies have examined the signaling path way of cigarette smoke-induced cellular injuries and cell loss in airspace epithelial cells. Many di fferent compounds in cigarette smoke can readily react directly to form oxygen radicals and reactive oxygen radicals damage multiple cellular components, including DNA, lipid membranes, and proteins 11 , causing mutagenesis and apoptosis. 12 Oxygen radicals directly activate the mitochondrial apoptotic path way and directly induce cytochrome c release through mitochondrial membrane potential loss. 13 The cytosolic cytochrome c activates the apoptotic cascade and this is inhibited by the presence of Bcl-2 on mitochondria. 14 Cigarette smoke also cause DNA single-strand breaks in the cells. 15 Moreover multiple chemical modifications occurred in all four DNA bases in a pattern suggestive of reaction with hydroxyl group or deaminating species in cigarette smoke. 16 DNA damage induces the accumulation of p53 and DNA damage-mediated p53 accumulation induces cell cycle arrest by p21 upregulation or apoptosis by increase in the ratio of BAX/Bcl-xL, cytochrome c release, and caspase activation. 17, 18 Therefore cigarette smoke may affect to mitocho ndrial pathway, especially Bcl-2 progtein and p53
pathway.
We set out to investigate the cytotoxic effct of cigarette smoke through cigarette smoke extract (CSE) which is particulate fraction containing most of the toxic organic components of smoke.
Here we demonstrate that CSE induces mainly apoptosis in A549 lung epithelial cell lines at lower concentrations and that CSE-induced apoptosis may be caspase-independent apoptosis. We also determine that Bcl-2 and p53 pathway play a key role in CSE-induced apoptosis. 
Materials and Methods

Cells and Reagents
Preparation of Cigarette Smoke Extract
The CSE was prepared as described previously reported. 19 Commercial cigarettes (Marlboro, Philip Morris, Inc., Richmond, VA) were smoked continu ously and mainstream smoke was bubbled through 10 ml of phosphate-buffered saline (PBS) that was 
Cell viability assay
Assessment of caspase-3-like activity
The caspase-3-like activity was measured by colorimetric assay using the peptide-based substrate Ac-DEVD-p-nitroanilide. In brief, caspase-3 fluor ogenic substrate was incubated with CSE-treated cell lysates for 1 hr at 37 ℃, then pNA liberated from Ac-DEVD-p-nitroanilide was measured using fluorometric plate reader with 405 nm.
Plasmid DNA and Transfection
PcDNA3-bcl-2 expression vector was provided by YJ Oh, Yeon-sei University and HPV-E6 ex 
Results
CSE induces dose-dependent cell death in A549 cells
To determine CSE-induced cell death in A549 cells, A549 cells were grown in 96-well plate and the cells were exposed to serial dilutions of CSE raging from 0.5% to 20% for 48hr. Then the cells were analyzed with MTT assay. MTT assay showed that cell viability was markedly decreased in dose-dependent fashion at 48 hr after CSE incubation. ( Figure 1A 
CSE induces cytochrome C release in A549 cells
Another cellular event associated with apoptotic cell death is the release of cytochrome c from mi tochondria. Therefore, we next examined whether mitochondrial cytochrome c was release into cytosol using immunofluorescence with monoclonal anti- 
NAC prevents CSE-induced cell death
In order to get the clues for the signaling events, 22 This mechanism has been suggested to be independent of a caspase-mediated pathway for apoptosis. The findings of the present study provide some new information into the important area of the influence of cigarette-smoke extract on caspase-independent apoptotic cell death but further investigations in the molecular basis for the caspase-independent apoptotic process, such as Bax protein or AIF release will be needed.
CSE is known to contain a considerable amount of oxygen-derived free radicals such as superoxide anion, hydroxyl radicals or hydrogen peroxide. 19, 23 The present study showed that NAC, scavenger of oxygen-free radicals, attenuated the CSE-induced 
